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NOMENCLATURE
heat capacity of jth region
temperature of jth region
temperature of kth region
derivative of Tj with respect to time)
over-all conduction coefficient between regions k and j

over-all radiant coefficient for net radiative transfer from
region k to j

internal power dissipationin the jth region

effective area of surface j to sun

total atrea of surface j radiating to space

infrared emissivity of surface j

absorptivity of surface j with respect to solar insolation

solar constant

. Stefan-Boltzmann constant

classical geometry factor for net radiation exchange based on
Lambert's cosine law for diffuse radiation

r,, ry, T, L, W, h = particular linear dimensions (Fig. 2)

thermal conductivity of jth region

density-specific heat product for jth region (volumetric heat
capacity)

s
solar radiation and internal generation ( = q.+ 2 A S)
J J )

time

iv




TECHNICAL MEMORANDUM X-53346

A SET OF EXPERIMENTS IN,
THERMAL SIMILITUDE

SUMMARY

The analysis and results for two sets of experiments in thermal
scale modeling are presented. The prototype and model consist of a
plate, cylinder, and sphere exchanging thermal energy by radiation
only. They were located relative to one another in an unsymmetrical

arrangement.

The experimental results generally confirm the modeling rules,
with some exceptions in the details, due largely to an a priori assump-

tion made regarding the volume partitioning of the objects to be modeled.



INTRODUCTION

Previously derived scale modeling laws [1] were used as the basis
for the design of experiments in thermal similitude. The purpose of the
experiments was to test the theoretical laws for the transient case where
several bodies with geometrical shapes common to space vehicles ex-
change energy solely by thermal radiation. The three bodies, a sphere,
a cylinder, and a flat plate, were in a particular asymmetrical,

geometrical arrangement (Figure 1).

Experiments were conducted on both a full-scale prototype and a
model, since the primary objective was to test the scaling laws. The
main overall dimensions of the prototype were scaled a priori by 3 and
minor dimensions were deliberately distorted to satisfy the scaling re-

lations,

An important secondary objective of the experiments was to dis-
cover practical difficulties in modeling and to develop techniques to

overcome them,

Analysis for the comparison of the prototype and model tempera-
tures was made on an IBM 7090 computer, and the graphs were machine

plotted using a Stromberg-Carlson SC 4020 plotter.

Some modeling work done by Adkins that is very similar to this

has been reported in the literature[2] .

This report includes two sets of experiments which were conducted

several months apart,




DESCRIPTIVE EQUATIONS

Since there was no conductive or convective heat exchange between
the objects, only radiative exchange will be considered. They are assum-
ed to be exposed to external radiation equivalent to solar radiation and to
have heat dissipated internally. Part of the objective was to use the cru-
dest possible physical partition of the bodies in order to determine the
limits on crudeness for modeling, Toward this end, each object is re-
presented by a single temperature. The difference equations describing

their transient behavior under these conditions are [3]

AT 4 s
. 1 = . 4 - 4 . (24 1= 1
C; AT ZRkJ(Tk TJ) + 9 + J.AJ.S, (j=1, 2, 3) (1)
k=l k#j
and
AT,

At =0, T4: constant ,

since T, represents the chamber wall, which is maintained with liquid

nitrogen at a fixed temperature.

SCALING RELATIONS AND MODEL DESIGN

The general similarity criteria which includes this special case
is given by Eq. (4) in Reference [1] . From this list, with the additional

definition

H =q+aAS, j=1,2,3. (2)



the following independent set of scaling ratios is obtained:

T. € 0AT%t R Tt Ht
oo Jj K J (3)
T ° C. ’ C. 'C.T
k j j j
If electrical resistance heaters are used to obtain the simulated
heating effects of solar insolation, and if the space chamber is regarded

as incorporated in the third ratio with its appropriate exchange coeffi-

cient, then the modeling ratios for the problem are

3
T, R Tt t .
i kLY Gik=1,..0,9 (4)
T C CT
k j JJ

The detailed dimensional notation used is shown in Figure 2.
All major external dimensions are scaled by 3. Itis assumed that the
materials are not changed from prototype to model, that the radiation
geometry factors remain unchanged, that the temperatures of the model
at a particular time are equal to the corresponding prototype tempera-
tures at the same time, and that the thickness of the cylinder end caps
are not changed from prototype to model. These a priori requirements

are

Ti=T, t =t (pep); = (pcp),

(G=1,2,3) (5)




These requirements, together with the scaling laws [4] , impose
geometric distortion in the minor dimensions. The results, summarized

in Table I, were used as the basis for the detailed model design.

It is economical to fabricate whenever possible from standard
gage material. However, review of the modeling rules in Table I re-
veals that the minor dimension distortions (thicknesses) constitute one
of the main aspects. In addition, standard gage thicknesses have an
average tolerance of +0. 005 inches, (1,27 x 10_4meters) and there is
often non-uniformity within a particular stock sheet. To minimize
these difficulties, it was decided that the larger objects (prototype)
would be fabricated from gage stock, but that the thicknesses of the
stock sheet used would be measured to the smallest possible
tolerance prior to use. Then, these measured thicknesses would be
used in the modeling relations to predict the dimensions required for

the models. The models, which are small, would then be fabricated

by machining and milling to the tolerance of +0.001 inch (2.54 x 10 Treters).

This appeared to be the most economical approach without compromising

the modeling laws. The resulting dimensions are shown in Table II.

Electrical resistance heaters were used to represent internal
dissipation and solar insolation on the plate. The heat capacity of the
heater would upset the modeling criteria if it is relatively large com-
pared to the heat capacity of the plate. Devices for attaching the heater
to the plate also contribute substantially to the heat capacity of the sys-
tem. However, the heater in all its aspects could also be modeled. It
was decided that it would be best to represent the plate by two parallel
sheets, each having equal thickness. The heater would then be mounted

between the plates by carefully designed connectors, and the heater




TABLE I

Explicit Modeling Criteria

Quantity | Model/Prototype Remarks
Tj ‘ 1 a priori determined
t 1 a priori determined
ij 1 a priori determined
bc p)j 1 a priori, material property
L % a priori, major dimension
w % a priori, major dimension
r, % a priori, major dimension
r, % a priori, major dimension
h % ‘a priori, major dimension
q 1
. s mmeeeec---
J
d 1 distorted (derived)
b 1 distorted (a priori)
T, %kl distorted (derived)
V2 | |
T, Ek3 distorted (derived)
——————————— h——--—--—-—--—--——-——1—-————--————————————————-—-—------
where e\ 3 3
kl = 2[2 - —Z) ] , and
I




TABLE 1I

Detailed Dimensions of Prototype and Model

Dimensions Prototype Model
Stock Measured Measured
Inches (Meters) |Inches (Meters) Inches (Meters)
L | ececee oo 28. 364 (.72042) 14,182 (.3602)
LA I 15.709 (.3989) 7.854 (.1995)
d 0.1285 (.003264) | 0,257 (. 006528)i 0.1285 (.003264)
b 0.064 (.001626) | 0.065 (.001651) . 0.065 (.001651)
h | ecmmae eeeeo 7.726 (.1962) 3.832 (.09733)
r 5.866 (.1490) | 5.8807(.1493) 2.877 (.07307)
r, 6.000 (.1524) | ----- ------ 3.000 (.07620)
T 1,706 (.04333) 1.7O7T( 04336) 0.701 (.001780)
r, 1.964 (.04988) | ----- ------ 0.982 (.02494)
Tr' - r, was measured 0. 120 inches (, 003048 m), r,- r, was

2

measured 0, 257 inches (., 006528 m).

3:Measured value was 2d




itself would have a very small characteristic time and low heat capacity.
The sandwich arrangement was to be used for both the prototype and
model. This arrangement would have allowed an approximate scaling

of the heaters according to the following reasoning. By the modeling
rules, the area of one side of the model plate would be % that of the pro-
totype. Assuming that the same heater material in the same wiring
arrangement is used for both the prototype and model, the heat capacity
of the heater will be directly proportional to the area of one side of the
plate in both. So, the heater heat capacity for the model will be L of

that of the prototype. Since the internal generation is also scaled by %,
the ratio q,/C, will not be affected by the heater. In all of the ratios
RkI/Cl, C] is scaled by 7}:, since d% = d ; there is also a% overall scal-
ing of the numerator, so these ratios would not be affected either. It
turned out that the sandwich construction was too difficult, especially
with regard to the heater construction and mounting. Therefore, grooves
were made in the plates, The wiring was routed through the grooves
which were then filled with a special thermally conductive and electrically
insulating cement. Roughly speaking, the same reasoning applies as for
the intended sandwich construction, except that in making the grooves the
plate material was removed before the cement material was added. In
this respect,it was to a great extent fortuitous that the detailed modeling

criteria presented in Table I was used.

Welding was used to fabricate the cylinder and to mate hemi-
spheres. The amount of material in these welds contributes to the heat
capacity. In order to minimize error from this source, all welds were
ground to the contour of the external surfaces and care was taken to pre-

vent excessive accumulation of weld material on the inside.

8




The thickness of thermal coatings could contribute significantly
to the heat capacity, especially in the very small models. This problem
was solved by smoking the surfaces of both prototype and model with car-
bon black produced by an acetylene torch. Resulting emittances were

0.98 to 0.99, according to measurements,

Another anticipated difficulty was the crudeness of the volume
‘partition of the objects to be modeled. The finer’the partition, the closer
the basic equations [1] (and consequently, the modeling ratios) represent
the objects thermal properties. On the other hand, as the partition be-
comes finer, the number of ratios that must be satisfied increases rap-
idly and the model design becomes more complicated. The crudest pos-
sible partition was used here, and it was anticipated that this would cause
difficulty in analyzing the experimental data if there were large tempera-
ture differences around the object. Since the sphere for the first set of
tests was made of stainless steel, it was the object most likely to exhibit

this effect.

EXPERIMENTAL APPARATUS AND PROCEDURES

Both prototypes and models were suspended in the vacuum cham-
ber by long, low-conductivity, small-diameter cables to prevent con-
ductive exchange between the objects and the chamber walls. The rec-
tangular chamber was 1,524 x 1,524 meters in cross-section and 3, 658
meters in length, Pressure in the chamber during all experiments was
10 *mm Hg or less. The walls were covered with cryopanels which pro-
vided a low temperature inclosure. In addition, both prototype and model

occupied the same place in the chamber and were oriented in the same

9



way to minimize chamber influence on the test objects. The models as

they appeared when installed in the chamber are shown in Figure 3.

Two sets of experiments were conducted. In the first set, stain-
less steel spheres and a plate with heaters installed were used. In the
second set, changes were introduced in the sphere to obtain a more uni-
form temperature; the sphere in which heaters were installed was fab-

ricated from aluminum alloy.

‘The three test objects had a total of 34 thermocouples for the
first set of tests and 25 for the second set. Seven thermocouples were
used to monitor the vacuum chamber cryopanel temperatures. The in-
dividual thermocouple identification numbers and locations are listed in
Table III and Figure 4. On Table III, thermocouple number 1 for the
first experiment and number 1 for the second experiment are at the
same location on the sphere. This is true for thermocouple numbers
1 through 11, but not for any thereafter , For example, thermocouple
number 13 for the first experiment and number 12 for the second are at
th_e same location on the sphere. The locations can be seen by referring
to Figure 4 in which the thermocouple numbers refer to the first experi-
ment only. A minimum number of carefully located thermocouples was
specified in order to minimize the heat conduction through the wires and
still obtain adequate information on the temperature differences on op-

posite sides of the sphere and the cylinder.

Power loads during the power-on phase of the experiments are

listed in Table IV,

10




TABLE III

Individual Thermocouple IdentificationA Numbers and Locations

Thermocouple Number
Object Fir'st Sec9nd
Experiment Experiment
1 1
2 2
3 3
4 4
5 5
6 6
7 7
Sphere 8 8
9 9
10 10
11 11
12 --
13 12
14 13
15 14
16 15
17 16
18 17
19 --
Cylinder 20 --
21 --
22 --
23 18
24 19
25 20
26 21
27 22
28 23
Flat Plate 29 24
30 -
31 --
32 25
33 --
34 --

Note: Thermocouples 1 through 11 are at the same location in both experi-
ments. Thereafter, the numbers vary, For example, thermocouple #13 for
the first experiment and thermocouple #12 for the second experiment are

in the same location on the sphere, etc. !
1



TABLE IV

Power Lioads

(watts)
Object Prototype Model
Set 1 Set 2 Set 1 Set 2
Plate 1053 1053 264 264
Sphere 0 400 0 100
Cylinder 0 0 0 0

An important aspect of modeling in the transient case is the
initial conditions of the experiments. The temperature distribution
for both model and prototype must be the same at the start of the test
(or, in general, if temperatures are scaled, then an analogous state-
ment holds for homologous temperatures at zero time). The difficulties
arise when considering the duplication of cryopanel cool-down and heater
turn-on. In order to eliminate possible differences in individual cryo-
panel cool-down curves due to different ambient starting temperatures,
nitrogen flow rates, and manifolding between panels, the following ex-
periment sequence was specified and used. A vacuum was established,
then for both prototype and model, heaters and nitrogen for the panels
were activated simultaneously and the systems were allowed to go to
practical equilibrium, (If the heaters were not also activated, the

objects under experiment would go slowly to panel temperature, taking
12




much more time and possibly causing difficulty with heaters, paints,
and instrumentation at the low temperatures that would be obtained).

A detailed analysis of various conditions is given in Ref., [3] . These
equilibrium conditions were considered to be the initial conditions for
the experiments. Then, the actual experiment sequence was cooling
from these initial conditions (heaters suddenly "off") for two hours,
then heating (heaters suddenly "on") for two hours. The periodic nature
of these experiments has the inherent advantage of eliminating or mini-
mizing the initial conditions which act as transients in the system, and

which are eventually damped out by the thermal inertia of the system.

RESULTS AND DISCUSSIQN

Figures 5-16 show the experimental results for the first set of
experiments. In all such graphs, temperature is plotted as a function
of time and each prototype and corresponding model temperature is
plotted on the same graph. The results for all cylinder and plate tem-
peratures are excellent, and the model temperatures would be entirely
adequate for predicting protdtype temperatures., Two of the tempera-
tures for the sphere (Figures 6 and 8) are acceptable, the differences
between prototype and corresponding model temperatures being less
than 8°K. However, two of the model temperatures for the sphere
(Figures 5 and 7) are not good predictors of the corresponding proto-
type temperatures. The reason for this is clear., One of them, thermo-
couple number 3 (Figure 7), is fhe one nearest the heated plate, and the
other, thermocouple number 1 (Figure 5), is the one farthest away
from the heated plate. The low conductivity of the stainless steel sphere,

together with the asyminetric heating by radiation from the plate, is not

13



consistent with the crude volume partition of fhe sphere. In other
words, the a priori assumption that the model sphere can be designed
using a single representative temperature is too crude. This is shown
clearly in Figure 29, in which all sphere temperatures are plotted on
one graph. It should be noted that all curves have the proper general

shape.

The experimental results for the second set of experiments are
shown in Figures 17-28. Here the spheres were constructed of alumi-
num and had some power dissipation in them (Table IV) in an attempt
to obtain more uniform sphere temperatures., The expected improve-
ment was obtained (co-mpare Figures 29 and 30). The model tempera-
tures for the sphere may be used to predict the corresponding prototype
temperatures with good results, as can be seen from Figures 17 through
20. The cylinder curves (Figures 21-24) are not as good in this experi-
ment as they were in the first, Again, as can be seen by reference to
the geometric arrangement (Figures'l and 3), the combined heating of
the sphere and the plate with asymmetric relative locations makes the
assumption of a single representative temperature for the cylinder
somewhat questionable (Figures 31-32) although not nearly as much so
as for the sphere. In addition, and perhaps more importantly, the ini-
tial conditions for the prototype and model were not properly established;
this is shown clearly by the graphs. Furthermore, the results for the
plate (Figures 25-28) are not nearly as good in the second experiment
as in the first, This is surprising since both sets of experiments used
the same prototype and model plates. Furthermore, the reason for
these apparently anomalous results for plate cannot be due to the fact
that the sphere was heated in one experiment and not in the other since

all temperatures over the plate show this same effect. The heating
14




portion of the curves could be explained by overheating of the models,
but this would not explain the cooling portion of the curves. However,
both heating and cooling curves can be explained by a lower emissivity
for the model than the prototype. Coatings for these were smoked-on
carbon black, which handling removes easily, and it is plausible that
some of the carbon black was inadvertently removed from the model
plate.. The results for the second set of experiments are also shown

in Tables V, VI, and VII. They are self-explanatory.

CONCLUSIONS

1. The modeling laws are generally confirmed by the experi-

ment,

2. The volume partitioning used here was too crude; the sphere

should have been divided into at least four regions.

3. Electrical resistance heaters are very useful to simulate
internal energy dissipation but are not entirely satisfactory to simulate
incident radiation because they necessarily become a part of the objects

to be modeled, requiring that they also must be modeled.

4, Considerable care must be used in obtaining proper initial
conditions if model experiments are to be used to predict prototype

temperatures in transient cases that are not periodic.

15



T - 22 11 € § 81 6l 4t €l 21- 8¢ 66 121-€1 ¢1 @ 2z- 6 81 2- € 21- ¢-  dla
6S% 8S% 8SY €59 %Sy gy 8lE 8l C2€ LIE 299 68% 89S OFE L9% 8BSy 1Sy €Sh 099 %94 Loy 29y Sey €£9%  OL
8SY 29% 9E9 299 LS9 6%y COE 662 9CE LOE 9% 1S% 6%y 1Sy Sy 8oy €49  S64 1Sh 9wy 69y 65y 1G9 By O
z2  2- 62 Il g- L 1 91 21 L s1- & €6 HOI-€1 €1 ¢ 1- 1 12 ¢ 2z - 1- 410
6S% 659 659 €S9 €5y 95y E1E HTE 9TE €16 SEY €9y 625 2€E 4Gy 99y 6Ey 29y Avy 25y 9Ev 6y HEY 269 09
LSh 194 %€y 2%% 9%y 6wy 662 862 HCE 90E TSy 6Ey 9€y 9Ev Tvy 9€y 1gy €4y Lew T€v 9E% L9y Ty €EY 09
1 »- ¢z €l 2- % I 11 8 € SI- 1€ % 8- €1 01 &z 46- 11 92 1- 1 8- 0 310
8SY 1SY ISy 26 Sy €S9 BOE 60C TIE BOE V€Y S9% 92 ZEE 69y 290 €€y 18€ €9y Ghy OCy €4y 829 L2y 0§
1S% 19% Z€y vy 9%h 6%y 962 B6Z €CE SOE 9y €Y 269 CEY 9EY 2€v 9Zv 8Ly ey 92y TEv 29 9€Y L2y OS
S SO .2 Y SN £ S A Sy S SR 3 Co - SN TS 7 Ei ) catt 5 S S T § SHEN TSN D SN EI CINNE ) (1
9S% 95y €SY Byy ISH 0Sh €0E YOE 9CE 206 61y €Sy 6IS 99 b€y SEy T2y GZy €Ev BEY 81y €y L1y Sly Ny
SSY 8SY 629 Tvy €Sy Byy B6Z L6Z 2CE SOE YEY €2y 229 61y Sy 2% 91y 82y 22v £1y O0Zv 1ev 62y 91y e
- 1- 22 6 €= 1 ¢ ¥ 2= 9= %- ez 101 95— o1 VZ 1 9- %2 £~ €1- s- 4l

TTUTTTTTTTTT R %NS WYY CBEY 299 Cy¥  8bC 867 B6C 1BT TI6E BTH  H05 T 9%E TTY JijJdlj]dﬁllﬂm.ﬂlNﬂﬂlqﬂll

Ly 1Sy 22% €Y Syv 19y 862 L6Z 1CE €0t STy HCY €04 00% 90% €0% L6E BGY €ud H6€ 10y T11% L0% L6 ne
€ 1~ 11 ct L ] S 9=~ S- - Cl- ¢62- 81 86 6t~ 21 11 6- st~ 0 91 St- 11- €2- 91- Jla
¥2% €2Y €2% 619 2Ty 2% 262 €62 962 262 ISE 06 2Ly 2EE 9B8€ €BE  BSE 19€ 2L€ 2BE SSE LSE  HGE 2s¢ o2
TZH 5T 90% B0 W% LTy ©67  §6Z TICE 0T COE TLE LT TIE HIt TIE 19t 9It Lt 99¢ OUlt o1t LIt 8% (s}
22 02 82 8z €2 22 - 11- 11- 21- ¢2- €- 1s 8- 9- Cl1- 12- 62- 8B1- €1- 82- 22- 9€- 1€- 410
SLE HlE HlE 2L HlE €l€ 682 682 C62 682 ClE €EE H6€ €€E 2€€ B2 60E €E1€ 22€ HZ€ 60¢ L1 BO0€ LO€ o1
€€ YSE 9% H¥E TSE ISE Q0 OCE 1ICE T0€ 9EE 9EE  €YE T9E BEE BEE 9€E  BEE OvE LEE ULEE 6EE %€  BEE n1 i
G-  H-  €- S- €- %=  41- €1- €1- €1- €l- 21- 21~ 0% 21- 21- 21- 2t- 21- 21- 21- 21- 21- 21- ER{:]
962 L6Z L6 962 L6Z L6Z 992 982 882 682 €82 682 682 1% 682 682 682 682 682 682 682 682 682 682 (o}
10€ 1€ 00t 106t 00¢ 1.€ 20€ 10€e 10€ 10€ 20€ 10¢ 10€ 10€ 1T10€ 1TCE 10€ 10€ 10€ 10€ 1CE 1ICE 1C€ 10¢ L]
{74 L 24 €z 2 12 02 61 et 1A 91 st 1 €1 21 11 o1 ] I3 9 S Yy € 4 1
3ivid 1y YIANITAD ERELT M
- e (NTW) -
ELD P

WIGWNAN 374NP2PWUIHL

(1S¥7 w3HL N33ME38 3IINIYISIIQ OGNV IX3IN ONTAVIY 13I0OW1Suld G31SET SI ONIQVIY 3deLPLiAY¥d IWIL HIVI ¥Rd)

Y RTATIN SITIVIIT NT SIUNIVIIIWIT “SINIWIVIAXI IP 13T UNEIIT 923 SHNTUVIY I TdNTIBWYIHI JIF ATVWNNS

AWTIVL




17

T TI%Y 19y LEY (%% 8%y §yy 90t 0t STIE

62 [ X2 14 €€ 92 (413 1 st 4] 4 - 2 91 8y 1 1 Z- - 0 I= €= $- g~ €= 410
8LZT L2 8LZ LT LLZ L2 LlZ LIT QLT Ul2 162 962 O1E 14C S62 H6T 162 262 €62 6T 162 26T 16T 082 oot
692 TSZ 69T 9%Z 1SZ LT €92 292 192 192 20€ 962 962 €62 962 €6 €62 6T €6Z €62 6T LE&T 96 €62 (1)}
82 82 62 €€ $2 ot sl 91 11 o1 $1- 1 91 11 1= 1= &= ¢~ 1- Z- S- 9~ i= 9- 410
062 162 162 682 682 68 982 982 682 <HZ +0¢ OTE <2€ 61€ B0€t LOE ¥0€ GO€ LUE 90E 40E 9CE ¥0€E €0¢ (.73 ¢
292 €92 292 95T %92 6SZ LT QL2 SLZ SL2 OIE 60t 60t BOE 6OE B0 80€¢ OI€ ©80¢t ©0€ 60t 2ZIE TIE 60€ ol
TUE .24 (43 113 92 [43 IT 9T (14 [44 4 O Ue IT 1 14 - - T [ ¥- &= G- ¥~ 310
90€ 90f 90E H0E HCE H0E€ G6Z ¥6Z S62Z 962 T2€ BZ€ 99€ 19 92€ SZ€ 12€ 27t H2€ €€ 12¢€ €2€ 12€¢ 0% 091
9LZ LT LT 692 8LlZ 20T BIZ BIZ 2VT 28T HEE HZE 42f HTE G2€ €€ €2€ 92€ €IE €€ SZE BIE 9IE +NiC 091
¥ y2 82 (43 02 124 st 91 Z1 11 2z~ 2~ 81 1I= S= 4~ 8~ 01- 9~ 9= 11- C1- €1- 01- 310
TTC YT 92t €2¢ EIE  EZE YOE GOE SO0F YOt 29t 14¢ TIC THE G¥E IWE €Hc  99¢ 9YC &vc ¢oL 9% vt UeE (4]
T0€E 20€ 962 €62 €0€ 962 682 682 €627 €62 H9E €S€ 2GE 2SE €SE ISE ISE HSE 25€ ISE ¥SE 96€ $6E Tee 061
€2 1”7 12 [+]3 L 92 L 8l 41 21 €2- 0 22 vy~ "9~ 4- 6~ 11~ 6= 9- Z1- 21~ St~ tt- T 410
2GE 2S€ 2GSE 69E 69E 69E SVE SUE  9I€ STE TLE €BE H0¥ 2€€ BLE L€ ZIE €LE 9LE SLE TIE€ 9L€ Vi€ OLE 091
$7€ TEE S2t B1E 2Rt EZC WEZ 162 TICE ZOE Y6 EBE Z9¢ 1Bt Bt T8¢ 10t YBt 18t 18t &t @Bet 8¢ Te¢ L12 §
81 91 92 134 [4 12 81 61 41 2t €2- ¢ € 8- L- - L= €1~ &- S=  o1- €1- L1- 11~ 410
26€ €6€ €6€ 60€ B8 BBE H2E H2€ S2E €2Z€ 2Ty TEY 9SGy O0¥E OZy BIy STy STy 61y LTIv €1y 81¢ 214y I1y o€t
9L€ LLE 29 29€ 9LE L9€ 90t SOE T1€ TTE SEY 92% 92y 229 12y 229y 22y B2Y €2y 2ey l2vy 1ley 62y Ty o€t

440 ¥3IAVIH
[4 €£- 02 11 9- Y 14 2 N 1 92- 62 68 €21- ¢ 1 0 6- 4 4 €1- 6- 0zZ- €1- J10
1G9 8GY LGY 26y 2GSy 25y BZE 62Z€ CEE LZ€ BSY B6HY 9SS LYE 9Ly 99% €9% 9y ULy 2UY 8BSy €LY LSy SSY ozt

1- S- 92 o1 S- & 114 [24 91 21 92- CE 88 €21- € 1 0 . 6- z 4 21- §- cZ- €1~ 410
85y 9GSy B8GY 26y €Sy ES¥Y L2€ BIE 62€ 926 BGY 66% SSS LHE 9Ly 99% €9y T 49y ILy 2Ly 9SH EL¥ LSy SSy 0TV
65 €99 BEY 299 BSY 69 LOE 9CE E€1€ SI€ %8% 699 L9y OLy €LY S9% €9% €Ly 699 89y 0Ly 8ly LIy 09 113
1- S~ 24 o1 9- € 1£4 (24 91 21 62~ C¢€ 9 8EI- & 2 1 8- [4 S 1T=- &= 12- §1- 410
8SY 9GSy BSY 254 €S 25y 926 L2€ B2€ G2€ BSY 669 SSS TEE 9Ly 99% €9 Y9¥Y ULy Y 8SY €1y 9ISy S6¢ 00t
6GY €9% BEY 29y 6SY 69y GOE H0c ZIE ETE €8y 69y L9¥ 69% 2Ly 9y 29% 2LY 699 19% 69% LlY Livy B9Y oot
1- S~ o2 [ 9- 4 12 12 91 1 92- 1¢ 69 121- ¢ € € - % L] 6= Z- 81~ Z1=- 410
8Gy 0Gy BGY S €SY €SH - $ZE  ¥2E 9Z€ E2E LSY B6Y HSS 99C Sly 99% 29% €99 Ly Ly 1Sy LY 9SY ysé 06
6% €99 8E4 €49 659 6%y €0E €0€ OT€ TIE 18% L9y S9% L9y 0Ly €9% 6Sy OLY L9% 499 99y 9iv 919 99 06
1= 5= TT [ L1 5 ¥ T X4 51 L4 g- gt té 917~ & 1 11 b= 9 [14 1- [+] 97- 6- 310
8y B85y BGY 264 €6y €69 T2€ 22€ €2€ O02€ €9% L6Y €SS 9¥E €Ly E9% 6SH T9¥ 89¢ 1Ly 4Gy 69¢ €5y 1sé 0%
6S% €99 LEY €99 BSY 6%y 206 TOE B0E 60E SLY 19% C9% 29% 999 8Sy 45y S9¢ 29¢ 65y 19%y 69y 69y 66¢ (1]
§2 e €z (14 12 14 61 81 11 91 st st €1 21 11 01 8 i 9 S b € Z 1
YIANITAD IYIHGS

(*ILNOD) A AT1dVL



1 Zz- 62 11 2z- & Dg €€ 92 €2 41- 25 801 96- %2 €z 6z ¢1 12 9z 8 a1 2= € 410
1o 16% 1S4 GSws Loy 9%% 9LZ LLZ 6L SLZ 8%» 6% 1SS 9%E 89% 950 4k hSH 299 99 89y 49y 99y 4YY 062
Csh €54 TEY €% 69y v O%Z 447 €57 S62 299 Ghw  €9%  Z4y  wyh 9Ey  yEv vy 1o gEy 09y CGy 8Sy Tevy 062
1 - 1T [0} G CURE T T 4 1€ 42 (4 i~ $9 121 (6- 9¢€ 2¢ ot 0z [ 3 81 €z 4 o1l w_o
Ghy Ghy Ghy b€ T9% 194 992 992 192 %97 9€% €89 wbs ZEE  BSY  Lvw Ehy  Zyy Cub  95%  9EY FZTR 11 2 3 ) c82
whh  Lbh h2h 62% 29% 9EY 9€Z SEZ €42 4%z €9% 81y €29 22v 22y Slv €1y 2Zy 02y L1y B1» 62y 2¢y T2y 082
1 2- 12 8 0 - ¥ 92 ¢z 12 2 SL s»1 9¢- €S 99 _B6 98 vy 8BS 62 ¢ 91 0T .w\_.n& .
S TR 626 BTS WIS 9T9 9TH 127 TCT T8I 95T 904 64y 625 99E 2€y  6Ev T 69% T lI9% Zeh 5€H Te8y T Y29 toY T ZOY x4
8zy 1ty 80% 91% 92% z2% 122 922 YEZ SEZ HCY IE 49€ 2ZBE 6LE €L€ 1€ 18E BLE GLE 9lE 18€ L8€ T8E  0L2
2 1- &1 8 2 L} 61 1z ST €1 1 [1: I 7% G 89 6L €9 0% €5 S9 62 S€ €» €2 J10
665 86 86€ Y6E L6E O6E 292 €2 %2 292 €SE 20% 05 ZEE  6BE 16f BSE 6SE 2LE 99E 2S¢ LS€  18€ ocm.'m.um.sl-
6 66€ 6IC 9UE S8 Z6€ €Z <¢IZ &2¢ T€ZZ T3t CLIE (ke 8TE 1T GTE "STE BYE 6Tt 12t €2 k¢ ©O¢ ITE
22 61 Sz 1z 1z 12 o1 41 2 11 8- sL CL1 L9 69 €9 6z 26 9% (s @1 e Z1 81 410
6cE BEE 8E€ 9EE BEE LEE 6E2 6€2 C(¥Z 6€Z 582 2€€ 6€y 2€E OZ€ 02€ 987 062 4LE (le 482 L€z €8 t4-T2N1 14
L1€ 616 €1€ 606 1€ 9I€ €22 222 822 822 €62 LSZ 692 S9C 6ST 1St 167 862 8SZ €92 992 892 UZ 9T  NsZ B
NO ¥3ILEIM
2€ 2¢ 2€ s€ 1€ €€ ST 9T I I 2= 6 91 zol ¢ L S 92- L S [ [ € [ 410
GE2 962 9€Z 9€Z O9EZ 9EZ 292 2z 2T 22 YT B4 9SZ INE  L¥Z 92 92 SHZ 9¥Z SHT YvZ 992 ¥l 4%Z 0% .
S0z SU7—S0Z 10z —S0Z ¥0Z I27 Y27 TEZ TEZ S%Z &€ CS¢ BEZ BEZ b¥Z &2 TIZ 66¢ &ce 6Gez 1% I8¢ [ {t4:1 14
€ ZE 26 %€ 2 e 1T 91 OV 11 €~ & 91 6 L 9 v L) 9 [ € € t4 » 410
192 152 142 CH2 0%2 0%Z 99 9%2 9%2 992 £%Z €52 292 19€ 262 1SZ 642 052 152 0SZ 6%2 CSZ 69 6% 0€2
602 662 607 902 BEZ 902 2€2 OFZ 9€2 SEZ 252 997 9%2 9%Z S¥Z S¥2 SHZ 99T SHZ S¥Z 9%Z 1T I%C ¢9Z  0€Z
1€ [ % 1€ ot 113 i€ €1 st 11 Tl 4= 9 91 88 9 S 11 4 &y » € r4 4 1 3 Jla
9%z 9%Z 9%Z 9%Z 992 9%Z 1S2 162 252 1ISZ 9ST 6SZ 692 19€ 6§82 962 9SZ 952 USZ 1S2 9sZ 1IST 9sZ 9sz  CZ
61z 912 612 212 91z %1z 8€2 9€Z 142 142 (€92 €SZ €S2 €S2 €62 €S2 €S2 %62 €S2 €S2 €S2 6ST %Sz €Sz I
CeE G 1€ % 62 €€ U 91 01 Q1 S~ S 91 08 § € 1 4 € 2 1 4 0 1 410
262 262 26T 262 26T 252 QST LSZ 1SZ 9S2 292 992 L1127 14€ 992 49z 292 €92 %92 €92 297 €92 292 9T Oz
222 727 122 81z €27 612 €92 192 1%Z 992 892 192 192 192 192 192 19z 192 192 192 192 €92 29z 19z ou2
T e XETC€ET9Y CUE EE & 9T U MU 9= 9 IT 1L 9 b 4 H4 12 [ T [Y [ T 310
192 292 292 192 192 192 992 %92 %92 992 L2 112 €82 T19€ 912 12 2i? €12 %12 €lZ Lz €Lz iz ez ooz
622 1€2Z 622 622 162 ©IZ 6%2 ©% €S2 €SZ ©L2 1TiZ 122 O0LZ CLZ OL2 OL2 '122 OLZ CLZ 112z €1z 2z oz noz
62 82 62 € 92 0 €1 SU 6 6 (- 2 T 65 1 0 €- €= 0 Z- 9~ E€- G- €= 410
— 197197 192 997 997 9927 €Y7 B9 69Z 997 WIZ XU 962 C¥¢ 29T Y87 BIZ IZ 197 €Lz Bl (87 §IZ Gz Cel
8€Z 6€2 BEZ oE2 0% 9€2 962 9sZ (92 6S2 892 182 282 182 182 18C 182 282 182 182 zZ8Z ¢€8Z ¢€8CZ 182 061
62 %2 €2 2 1z o0zZ| 6T 8T 1 9T | ST T €1 2T 1T o1l ® L 9 S » € z T
- JIVTEIV  ET117) 7 e T ECECPH i

("INOD) A FT19VL

18




tZ 92 82 € ¥z Cf L1 BT ST €1 &I- & €2 81 ¢ 2z 2- €= ¢© I- % 6- 8- &~ 410 o
4C€ Y0E H0€ €0€ €0€ €CE T6Z 162 262 162 6€TE 62 €¥E T19€ H2€ &2€ 12€ T2€ €2€ 1Z€ OZE 226 61 61c O0% -
LIZ BLZ 9LZ T2 612 €12 912 €12 6LZ 9L2 9€€ ¥2€ €2€ €2€ HZE 22€ €2€ HIZE €€ ITZE H2E L2E LZE H2E OO0V
YZ % 8¢ Tt 1Z ®Z &7 &Y  &U »T (2= & 2T 9- 1= T € 9= ¢ 2= I- 8- 1= 9- R[]
¥2€ H2C H2€ ZE Z2¢ 22€ T0E 1CE TCE COE T¥E 26E 69€ T9E LY¥E O9E E¥E CYE SYE W¥E 2%€ HoE 1vE TYE  O6€
862 O00f 962 162 1CE %62 282 282 982 982 19€¢ B4 LYE LYyE O¥E 9¥E 9% 6%E LYE 9%E 69€ 2S¢ 2SE LYE  06€
€€ 9€  6€ S€ 22 % 61 i1  €T- §1 G€ 12- @ ot s 4 6 [ 1 1 y- 1 410
|||||||||||||4ﬁﬂ|:4dd||4ﬂﬂ||u«n|uqqﬂlln«n. TYT TTIC  TTE 60F CIE %8¢ €06 O 6Lt LIt It tIt 9Lt %It TYIt &It CIE 69t 08¢
91€ 02¢ SI€ OQI€ 12¢ €l€ 962 282 26Z 262 €8¢ 69€ B9€ L9€ OLE 19t L9f 1TLE L9€ I9€ OLE oLl€ +oi€ @9 08¢
LT 9t SZ 92 2T 12 €T 4T 8T 91 22~ 6 8€ - 2~ C 1- - 1 c 8- 6- 02- 9- 410
i T6€ 26€ 26€ 68€ 98¢ 86 BIE BIE ETE LTE TId 620 9SY CYE (2% L1y 91y SI¥ 619 L1y €1y 8BIy TI¥ 114 OL€
IE 9IE I9¢ €9t It I9¢ 62 962 Y0t TOF ¢€ev C2¢ OV 119 22% LIy 1Y% 22§ OI%v L1y 12 Iy 1€v Iy OI¢
440 WILVIH
0 0Z o1 8 92 82 12 ST  61- 6€ 86 €li- Sl 4 12- 410
lllnluxnn||||Nﬂ«||uwd||ﬂw«||~w«: uwm 78y TYTEC 226 €T€ BYIT &Sy 66y 0SS 9% 0Ly ;dd« 9% a«m NH« uﬂ« a«« am« 133 qw 69¢
4CH GGy LEY BEY HSY yve S62 462 206 €O0E OLy 09 C9Y 6SY €9¥ SS¥ 45y €9% 65¥ LISy 19vy B9¥ 61% 65y  O9€
€ (] 1Z €1 2- 8 1z 82 22 81 91- @y 46 L21-91 1 21 € €1 st 2- 2 12- 2~ 410
LSY LSH LG% 169 ISy Sy BI€ 616 TZE€ LIE €S 6Oy LSS 2€E 8Ly 99y 99y 999 21y 28% 6S¥ G1y 8BSy 95y  0SE

IEY LS JEY HEY 9Ly ¥%% Y62 T6Z 667 667 LI¥ %% CIF 6S¥ UV ¥EYv WSy EI¥Y 6Ly 15y 19y B9y 61% OGY (2111

€ [ 1Z €1 2- 8 62 Cf €2 61 §1- C¥ 86 €EII-ST 11 €1 60Z o1 sl 1- L 22- 2~ 410
16y L16% LSy 1Sy 259 2S% SUE 9IE LT€ STIE 66% 669 LSS 99€ Livy S9% 99y S99 2l 2L 65y SLy 1Sy 959 O%E
o WSy LSY 9EY BEY WSy wyy 987 992 %62 62 2Ly 6SY 65Y 65y 29y Sy €Sy 96T @5y 15y 09y 99y 6Ly 65y O+¢
2 2- 62 2t €= L CE 2€ S2 062 61- 0y 86 L21-6T 11 21 2 T 9T 1- 9 12- €- 410
96% 95y, 9GH 0Sy IS% 1S% CIE TIE €1€ 6OE Sy 66% LSS 2€E LLY S99 SO% 999 2Ly 21y 65y 91y LSy S5y O€¢
¥y BS54 OCY BEY ¥SH vy CBZ 612 982 682 LIy 6S%Y 65% 6SY 29y Sy €Sy 299 BGy 95y 09y 89y BLY 8Sy Of€
? 2- fz 21 €~ L 1€ 2 sz €2 68t- 0y 16 2IT-91 ¢ 2 2 T 91 1- 2 2z- €~ 310
9Gh 9S4 9GSy CSy TSy 16y H0€ SOE L0E €O0E 0SY» 06% 9SS O%E LIy 49% 49% 499 TL¥ 2Ly 8SY 9l¥y 9§y sy 02
9Cy BGY 9EY BEY 9GhH why €UZ €LZ 282 €82 SLy 8SY 6SY 8BSy 19% €Sy ZSY 299y LSy 95y 6Sy L9y 8Ly LSy 02
< <= - L't 4 1T - L 141 e Lr4 [44 IT=-"2% (1] UTt~ L1 T €Y L2 T L'k 4 [ ] 1¢~ T- E) 4
96y 9G4 9SY 699 1Sy 1SH 162 862 662 962 LSy 86y 9SS 99E 9Ly 9y €9% €99 OLY 1Ly LSy €Ly 6§y €S¥  OI€
9Gh BSY O9EY BEY HSY Yy 997 992 €LZ YLZ 4lv 9SGy 1SH 95y 6Sy ISy O0SHY 65y 95y €54 LSy S9Y 9Ly SS¥  OT€
€= €2 -I11 €- ¢ ZE €€ 92 12 i1- Sy 10l 021~ 61 4T 91 9 91 12 2 6 61~ 0 310
|||||||||||||4uq||«u4||qu«||u««||u¢4||u«4||¢u~||du~|taa~ T892 3%% 965 %55 CEE TI% 19§ (9% U9¥Y L9% &9 %5v Iy 2%y Is%  DOE

€S0 L1G% YEY LEY 26 ey 952 SSZ 92 992 TLY 1SY €59 2GSy Sy Ley Sey  v5e 1Sy 8ey 25y 19y Ty ISy 00e

€2 % €2 22 1z 6z | e6v @t LT 9T | ST 4T €T 2T 11 OV 8 L 9 [1 L € z 1 .

JIV1d IVl WIURTTAD ECECTH

(*INOD) A ITAVL



w2 vz €z 12 €2° %% €U T & 6 & 9 1 96 & Tz Tz e T | S I RN ) [+
T, 9tz 9tz o6z ez 9tz 2wz 2zez vz vz 4w 6% 957 COE 842 vz SHZ 9vZ 942 SvZ SvZ 9wz SHZ 42 08y
3ie 21y 11z 60z €1z CIz 622 622 €62 €€2 CSZ €92 %57 »vZ €42 €vZ €42 wvZ wvZ EvT HvZ SHZ vz e%z 0By
wz vz <z sz €z sz 21 €1 8 8 8- € U 8 2z. U 1 1= v b 1- ¢ ¢ 1o 3l
vsz 15z Tvz Chz U5z ThZ 9%Z TSZ Wbz ShZ EST €52 292 €€ 257 YGZ 0ST 057 YGZ TCLTEHZ TTCTeRZ T ERZ ol
o1z 11z 91z 1z 11z slz »€2 €€z 6z Ll€2 1S2 €S2 1s2 0SZ 0SZ 0SZ 6w2z 15z 0sz 6%z 0SZ 1Sz 252 0sz Ol
¢z w2 sz 1z € 9 11 21 & 8 8 € 11 € 2 1 ¢ - 1T ¢ z- 2Z- €= 0 Ji10
o9z 9vz 942 GvZ GvZ Sw2 €S2 062 1SZ 0SZ SS2 662 B892 6EE BS2 1SZ 952 9SZ LST 9§ ST 9T SSZ LSz 99
12y 77e TZz 917 727 617 6€2 BEZ I THT €97 962 1627 IS¢ 967 I&Z 957 ISZ 957 9S¢ IS2T BT T9ST T LST MY
cz cz 1z € 61 22 8 01 9 § el- 1- L €L 4= %= 9= l- G- 9= 9~ 9- 6~ Ol- 410
lcz 25z zsz 12 162 152 SSZ 962 962 &2 292 192 912 6EE S92 %92 297 292 €92 9T 29T €6T 29Z 19z (v
1€z zez 1€z 922 2€2 62z LwZ 9%Z (ST CSZ SLZ 892 697 69 697 892 892 692 89z 892 897 ez T4z iz 08y
w2 €z Sz 12 2z 92 2 € 8 8 M- 2 21 99 G 1= 4= 4= Z- €= 4= 4- 9= 4= 410
gcz 862 66z 89z 85z 8¢z 192 192 192 192 692 S4Z S8 6EE €LZ 2LZ 697 OLZ WZ CLZ 692 TLZ 692 692 04y
562 G€Z %€z 1€2 9€2 26T 642 BYZ €62 €52 (82 €I €12 €L €12 €LZ €12 HLZ €LT €12 €12 SLZ SLZ €12 0%
Gz %z S2 82 2z 9 L s €1 6 21- 1 €1 2§ 1- 1- €= - Z- € 6= 6= = &= 410
192 192 192 992 992 992 192 892 §92 L9Z BLZ %82 962 O¥E 282 182 6.Z 6.7 187 €lz 8lZ (82 8LZ BLZ NEY
29z €42 z%Z BEZ 4»Z OwZ 662 %Sz 85z BSZ (62 €82 €82 €82 €87 282 282 €8BZ €82 282 €62 GBZ <S8Z €82 Ny
62 w2z Sz 67 T LZT ET ¥ 6 €1 ¥1- 7T 7 €U 9T 1-7 Z- TH- 9 7-T -7~ 7 -t - G- T dI0
11z 11z 11z 912 912 912 %L2 4LZ %LZ %L 682 962 BOE CYE €62 262 062 062 262 162 687 l€Z 68Z 687 024
262 €S2 262 %2 %SZ 6wz 192 092 S9Z . %92 €0€ %62 62 62 6Z 962 %6Z 962 962 962 S6Z LEZ L6Z %62  02%
9z ¢z 92 o€ zZ 8z ST 91 21 11 1- € 91 €€ ¢ € €= S- 2z- €= 9~ 9- &= 9= 410
697 68769z —B8Z ©EZ 897 ZVZ  THZ €8T ZUT TTCE TIE HhZEC IHE GO0C  IGE  wU€  HOE 9UE  90€ T €Cf  ¢te€ 7Ce "206¢ T ATy -
€92 92 €92 892 992 G92 892 192 1.1z 1.2 L1€ 80€ 80€¢ BOE 80¢ LOE LCE 6CE BOE L0€ 6CE 116 11e 806 014
62 %2 €z 22 1z cz| 61 81 41 9T | ST 1 €1 2T 11 61 8 L 9 § % € z 1
s ' ALt AL B B ELL L AL S L E L N Q

(*ILNOD) A J1dVL




TABLE VI

Fraction of Time in Percent where the Difference Between the Prototype
‘ and Model Temperatures of the Individual Thermocouple Measurements
are Equal to or Less than 5, 10, 15, 20, and 25 Degrees Kelvin.T

; Thi;;i;;;:ple 5 10 15 20 25
1 59.2 75.5 89.8 95.9 98.0

| 2 26.5 46.9 63.3 79.6 95.9
: 3 51.0 79.6 89.8 89.8 93.9
4 55. 1 73.5 89. 8 93.9 93.9

5 44.9 57. 1 69. 4 79. 6 89.8

6 51.0 65. 3 85.7 89.8 91.8

7 51.0 75. 5 83.7 85. 7 87.8

8 55, 1 71. 4 85.7 89.8 89.8

10 53.1 67.3 87.8 89.8 91.8

11 42.9 61.2 81.6 89.8 91.8

12 2.0 6.1 10. 2 14.3 14. 3

13 0.0 2.0 18. 4 40,8 44.9

14 38. 8 51,0 55. 1 57. 1 59. 2

15 10. 2 28. 6 59.2 79. 6 95.9

16 1 36, 7 75.5 93.9 100. 0

1 17 1 30. 6 67.3 81.6 93.9
18 1 8.2 32.7 63.3 79. 6

19 1 10.2 49.0 71. 4 81.6

20 32.7 46.9 46,9 46.9 59.2

21 42.9 49.0 53.1 59.2 83.7

22 4.1 24.5 46.9 46.9 49.0

23 0 2.0 2.0 26.5 65. 3

24 44.9 46.9 46.9 57. 1 77. 6

25 46.9 46.9 46.9 53. 1 73.5

o TDetermined from discrete points in time corresponding to data
readout times. A 21



TABLE VII
NUMBER 2F DIFFERENCES LESS THAN @R EQUAL T¥

5, 10, 15, 20, and 25 DEGREES KELVIN AT VARI-
QUS TIMES
TIME-MIN] 5 10 15 20 25
0 6 6 23 23 23
10 1 4 9 11 17
20 [} 11 16 20 22 [
30 10 15 17 18 22
49 12 15 19 19 21
50 8 14 18 18 rad
60 8 13 19 20 22
70 8 12 16 20 21
— 89 8 14 17 19 21 oo - -
90 8 13 15 18 21
100 9 12 15 17 21
110 10 12 15 19 20
120 9 11 15 19 20
130 4 6 13 18 20
140 3. 6. X3 16 2% —-
150 3 9 15 18 21
160 11 11 14 18 18
170 8 12 16 18 19
180 11 13 16 17 17
190 11 14 17 17 17
200 _._9 -12. . ..15 17 11 b -
210 11 14 15 17 17
220 10 13 16 17 17
230 9 14 16 18 18
240 6 11 14 16 16
250 0 1 4 9 13
260 S - T 7 .9 Y W A3
210 5 6 6 9 12
2890 5 8 8 11 14
290 5 7 11 15 17
300 6 8 19 16 18
310 6 8 12 16 18
- —] 320 6 8 ____ 12 _ _ A7 19
330 6 8 13 17 19
340 5 7 13 15 18
350 6 8 13 16 19
369 6 8 14 17 19
370 5 10 11 16 21
—— — 380 6 10 12 18 __ -
399 6 11 14 17 20
400 10 11 14 18 19
410 7 11 15 17 19
420 7 13 17 17 21
430 10 13 17 17 21
———— — 440 10 _ 13 _ 17 17 20 . -
450 5 16 17 22 23
460 11 14 17 17 21
4«70 11 14 17 17 22
480 10 16 17 17 21
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Figure 1 - Geometric Arrangement, Numbers shown are based on outside
dimensions of sphere's radius. Coordinate system shown is
centered at base of cylinder,
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(b) CYLINDER

(c) SPHERE

Figure 2 - Dimensional Notation-Numerical Values Given in Table II
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No. 4 (First Experiment)
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No. 17 (First Experiment)
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No. 25 (First Experiment)
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No, 27 (First Experiment)
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No. 1 (Second Experiment)
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No. 3 (Second Experiment)
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No, 16 {Second Experiment)
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No, 17 (Second Experiment)
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Figure 27 - Temperature-Time, Prototype and Model Plate, Thermocouple
No, 24 (Second Experiment)
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Figure 28 - Temperature-Time, Prototype and Model Plate, Thermocouple

No, 25 (Second Experiment)
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Figure 30 - Temperatures for Prototype Sphere for Second Experiment’
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55



October 18, 1965 APPROVAL TMX-53346

A SET OF EXPERIMENTS IN
THERMAL SIMILITUDE

by
Billy P. Jones
and

James K, Harrison

The information in this report has been reviewed for security
classification. Review of any information concerning Department of
Defense or Atomic Energy Commission programs has been made by
the MSFEFC Security Classification Officer, This report, in its entirety,
has been determined to be unclassified,

This document has also been reviewed and approved for tech-
nical accuracy.

Bltle.

RHARD B. HELLER
ep. Director, Research Projects Laboratory

56




DISTRIBUTION

R-DIR Dr, Lal
Mr. Weidner Mr, Merrill
R-AERO Mr. Miller
Dr. Geissler Mr. Snoddy
: Mr, Watkins
R-ASTR Mr. Weathers
Dr,
r. Haeussermann MS-IPL (8)
R-COMP
Dr, Hoelzer MS-1P
Mr. Yarborough MS-1S (6)
R-COMP-GE MS-H
Miss M, Morgan
Mr. Emerson Whatley HME-P
R-P&VE CC-P
Mr., Cline MS-T (5)
R-TEST Scientific & Technical Information
Mr. Heimberg Facility (25)
R-ME Attn: NASA Repres. (S-AK/RKJ)
Dr. Kuers P. O. Box 5700
- o Bethesda, Maryland
R-R .
P . National Aeronautics & Space
Dr. Stuhlinger .. .
M Hell Administration
Mr' Be ;r Washington, D. C. 20546
r. bucher Attn: Mr, Conrad Mook
Dr. Shelton Code RV -1
Dr. Dozier
Dr. Mechtly Redstone Scientific Information
Mr. Downey Center
Mr, Miles Documents Section (3)
Dr. Schocken Goddard Space Flight Center
Mr. Arnett
Mr. Bannister Greenbelt, Maryland
: : . i S
Mr. Fields Attn: Mr, Milton Schach
Mr. Fountain Jet Propulsion Laboratory
Mr. Gates 4800 Oak Grove Drive
Mr, Harrison Pasadena, California 91103
Mr. Jones Attn: Dr. J. M, F. Vickers

57




Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135
Attn: Dr, Herman Mark

Langley Research Center

Langley Station

Hampton, Virginia 23365
Attn: Dr. Samuel Kat zoff

Manned Spacecraft Center
Houston, Texas 77058
Attn: Mr. Jack C., Heberlig

Ames Research Center
Moffett Field, California 94035
Attn: Mr. Elmer Streed

Lockheed Missiles & Space Company
Palo Alto, California
Attn: Mr, Robert E. Rolling

Engineering Mechanics Department
University of Alabama
University, Alabama

Attn: Dr., J. D. Matheny

ARO, Inc.
Tullahoma, Tenn,

Atin: . Bae Apgerson
Arthur D, Little Company
Acorn Park
Cambridge, Mass,

Attn: Mr, Frank Gabron

Douglas Aircraft Company, Inc.
Santa ’Monica, California
Attn: Mr, N, E, Folkman

Wright Air Development Center
Wright-Patterson AFB
Environmental Control Branch
Vehicle Equipment Division
Dayton, Ohio

Attn: Mr, Carl J. Feldmanis

58




